ABSTRACT
INTRODUCTION
Coastal water sustains important natural resources for human activities. As the interface between terrestrial environments and the open ocean, coastal waters are easily influenced by terrestrial activities and ocean processes. Human activities are continuously changing resulting in various kind of impact on the aquatic ecosystem. These impacts have the potential to significantly affect the coastal zone ecosystem (Yasser 2003) . Terrestrial input effects coastal water through river discharge high in nutrient content resulting in high phytoplankton biomass (Dai et al. 2008; Nazmi et al. 2013 . Since phytoplankton composition plays an important role in the rate of primary production and various trophic interactions, quantification of phytoplankton biomass is important in understanding the structure and dynamics of marine ecosystems (Robin et al. 2010) . Phytoplankton production is also usually dependent upon the physical processes occurring in the marine ecosystem (Wahbah & Zughul 2001) . Understanding the distribution of phytoplankton availability enables explaining the coastal environmental conditions (Nazmi et al. 2013) .
Phytoplankton is the primary producers of the ocean, thus determination of their spatial distributions are fundamental biological importance (Hodges & Rudnick 2006) . Phytoplankton plays a role in the global carbon cycle. High phytoplankton abundance and productivity will lead to enhanced concentration of green pigments in the water column (Tang et al. 2003) . The chlorophyll-a (Chl-a) pigment concentration can also be used as an indicator of phytoplankton biomass (Shen et al. 2008) . The coastal areas are very sensitive to the strength and the variability of meteorological forcing which may result in major biological transformation. Climate change may impact the near shore marine ecosystem through several physical processes. Temporal variability of phytoplankton biomass is also dependent on physical processes occurring on wide spatial and temporal scales (Wahbah & Zughul 2001) . Seasonal variability change in monsoon patterns which is highly influenced by climate also contributes to variability of Chl-a. Understanding temporal pattern of Chl-a is also important because the occurrence of many factor changes at terrestrial and mechanism controlling will affect the marine ecosystem especially in the enhancement of productivity in the coastal region.
Phytoplankton production in coastal areas is usually dependent upon the supplies of nutrient from river discharge, estuarine area, coastal pollution and also from the atmosphere (Huang et al. 2009 ). Rainfall and subsequent terrestrial runoff also supplies nutrients to the coastal area. High rainfall will increase freshwater runoff resulting in substantial amounts of organic and inorganic matter being washed out to the sea. The organic matter could form a source of carbon for the microbial communities in this system. The high irradiance after heavy rainfall can provide optimal conditions for the growth of the phytoplankton (Ahmad & Toshihiro 1986) . High rainfall decreases salinity and under normal condition, low salinity with high temperature results in low surface water density which influences water column condition. These physical changes of the water column influences phytoplankton biomass (Hong et al. 2002) .
Understanding variations of Chl-a distribution along coastal waters is important because of the significant implications on the productivity of the coastal water which influences coastal resources (Nazmi et al. 2013) . Thus, the purpose of this study was to determine the inter-annual and seasonal variation of Chl-a distribution and factors affecting Chl-a variation and distribution along coastal waters of east Peninsular Malaysia.
MATERIALS AND METHODS

STUDY AREA
The study area of this research is located at the coastal waters of east Peninsular Malaysia in the South China Sea (SCS) region (2"34' -4"44' N, 102"44' -104"58' E) ( Figure  1 ). There are several river systems and aquaculture farm along the coast. This area is influenced by the northeast, Chl-a data were derived from Aqua MODIS satellite images downloaded from the NASAs GSFCs distribute active achieve center (DAAC). Intersection region of Level 1 products between 0.0°-10.0°N and 100.0°-120.0°E were downloaded from January 2006 to December 2012. The data were processed using SeaWIFS Data Analysis System (SeaDAS) software. Generated level 3 data at 1 km 2 spatial resolution were subset from the images to geographic extents of 2.8°N-3.6°N and 103.0°E-104.5°E. Daily data and monthly composites were produced using ERDAS Imagine (Version 9.1) software and analysis maps were created using ArcGIS.
RAINFALL DATA
Eight years (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) of daily total rainfall data were obtained from the Malaysia Meteorology Department. Monthly rainfall data was obtained from averaging the total daily rainfall data. The monthly rainfall data were then plotted to represent the condition of total rainfall at the study area.
SAMPLING DATA Water samples were collected at 36 sampling stations along the coast on 30th March 2013 and 14th September 2013 representing the northeast and southwest monsoon, respectively. The samples were collected at 5 m depth interval of 0, 5 and 10 m. Temperature, salinity and density were recorded using multi parameter YSI Pro. Water samples were filtered through GF/F filter paper (0.45 μm, Whatman) and placed in polythene bottles. Nitrate concentration was measured using flow nutrient auto-analyzer. Chl-a concentration was analyzed using fluometric method by Lorenzen (1966) . Water samples were filtered through 0.45 μm Whatman Glass fiber filter at pressure less than 13 cm Hg. Samples (250 mL) were then extracted using 90% acetone. Concentration was measured using the equation below (Lorenzen 1966) :
where F o is fluorescence before acidification; F a is fluorescence after acidification; F o /F a max is maximum acid factor which can be expected in the absence of phaeophytin and K x is calibration constant for a specific sensitivity scale.
Vertical profile of Chl-a, salinity, temperature, density and nitrate at 0, 5 and 10 m depth interval were derived using data that were gridded to a set of common depth using ocean data view (ODV) from north to south of the study area. Interpolation by ODV uses piecewise linear least squares on a predefined set of standard depths when observed depth for adjacent stations did not match.
EMPIRICAL ORTHOGONAL FUNCTION ANALYSIS
Empirical orthogonal function (EOF) analysis is mapping of the multi-dimensional data sets into a series of orthonormal functions and is useful in compressing the spatial and temporal variability of large data sets down to the most energetic and coherent statistical modes. EOF was first applied by Lorenzen (1966) to develop the technique for statistical weather prediction. This approach is useful for analyzing ocean color images, which have long time series and significant spatial variability (Baldacci et al. 2001) .
EOF analysis was applied to the monthly average Chl-a images. The dataset were extracted into a series of orthogonal functions that explained the spatial and temporal variability of the region (Baldacci et al. 2001) . EOF analysis was performed after subtracting the temporal mean of each pixel over the entire time series. The resulted data set with a few spatial modes and a total variance explained the variability in a series of time. Monthly composite Chl-a images were standardized by ignoring the monthly mean from the time-series and decomposed using the method of Polovina and Howell (2005) :
where a i (t) is the principal component time-series or the expansion coefficients of the spatial components ci(x). The temporal and spatial components are calculated from the eigenvectors and eigen functions of the covariance matrix R, where R=F'·F. This analysis results in N statistical modes, each with a vector of expansion coefficients related to the original data time-series by a i =Fc i and a corresponding spatial component map c i.
RESULTS AND DISCUSION
The spatial pattern of Chl-a was observed using reflectance data of the satellite image. In this study, in situ Chl-a data indicated high correlation with satellite Chl-a at r = 0.89. Observation of satellite data indicated differences in optical patterns of reflectance in the study area. Monthly time series map of Chl-a climatology image from 2006-2012 indicated the seasonal changes of Chl-a distribution pattern in the study area (Figure 2 ). High reflectance of Chl-a value was observed at the coastal area and gradually decreased offshore. Highest Chl-a concentration was observed during northeast monsoon in December and January at values ranging from 4.32 to 4.15 mg/m 3 . Meanwhile, in February to April, the value of Chl-a decreased to average value of 2.45 mg/m 3 significantly. During the southwest monsoon concentration of Chl-a remained constant from May to September with the lowest value in July and August (1.01 and 1.23 mg/m 3 , respectively). During September to October, the concentration of Chl-a increased to average value of 3.25 mg/m 3 before the onset of the northeast monsoon. The presented seasonal pattern of Chl-a distribution in the study area has been reported to be influenced by river discharge and coastal physical processes (Nazmi et al. 2013) .
Variability of spatial distribution of Chl-a observed was evidently explained by the EOF analysis ( Figure  3) . The variability was explained with total variance of 93.43% in the first four modes. The first EOF mode with 72.08% of the total variance explained high variability in the coastal region (Figure 3(a) ). Variability of Chl-a was much higher near the coastal area towards offshore region. High variability was also observed near river mouths to the southwest direction. The second EOF mode showed variability with 17.03% of variance (Figure 3(b) ). The signal was highly detected from river mouths to the south. The temporal amplitude was observed with strong positive signal (Figure 3(c) ). The signal explained spatial pattern of Chl-a distributed along the coastline and much FIGURE 2. The climatology (7 years) inter-annual cycle of Chl-a distribution of Aqua MODIS composite images with wind speed and its direction. Seasonal progression can be seen over the timescale showed by high concentration of Chl-a distribution near the coast during November-January. (Figure 3(d) ). The spatial pattern showed strong positive signal off river mouths and negative signal along the northern and southern coastline. Positive peak explained variability during the southwest to northeast monsoon and negative peak explained variability during northeast to southwest monsoon.
Variability of Chl-a was observed to be influenced by the northeast and southwest monsoons. Based on Wang et al. (2009), variability of Chl-a in this area was influenced by episodic wind conditions that brings circulation of low and high SST to this region which can be observed in Figure  2 . Solar radiation creates favorable water temperatures for phytoplankton (An & Du 2000) and availability of nutrients along the coast discharged from rivers highly influenced the growth of phytoplankton (Suchint & Puntip 2000) . This was also indicated by previous studies that seasonal differences in Chl-a concentration and productivity at the 
SCS region were higher during northeast monsoon than southwest monsoon influenced by high river discharge. Distribution pattern of Chl-a was also observed higher near the coast towards the south at river mouths. River mouths are greatly associated with plume loaded with high composition of suspended particular matter (Sierra et al. 2002) . This water discharge is also well known as a major source of nutrients in coastal areas (Tesi et al. 2007 ). Concentration and distribution of Chl-a were also observed higher along the coast and gradually decreases offshore. This was evident in Figure 4 that showed Chl-a concentration from sampling data collected near coast towards offshore (A-C line). Areas near coast (A-line) showed higher concentration of Chl-a than areas towards offshore (B-line and C-line). Areas near coast (A-line) indicated highest Chl-a during northeast monsoon at concentration of 4.05 to 5.5 mg/m 3 and 3.5 to 4.3 mg/m 3 during southwest monsoon. Meanwhile, areas along B-line indicated Chl-a at concentration of 3.7 to 4.7 mg/m 3 during northeast monsoon and 2.5 to 3.4 mg/m 3 during southwest monsoon. As for areas further away from the coast (C-line), Chl-a during northeast monsoon and southwest monsoon ranged from 2.4 to 4.2 mg/m 3 and 1.6 to 2.5 mg/m 3 ,
respectively. This variability caused by inputs of particles and sediment can be related to the influence from various sources of terrestrial input especially from river outflow. High river outflow influenced by monsoonal pattern give impact on high suspended particle and sediment especially near the coast. The suspended sediment supply during northeast monsoon was reported to be higher than the southwest monsoon due to high total rainfall (Abd Rahman et al. 2012) . Phytoplankton Chl-a abundance in SCS is mostly affected by monsoonal pattern (Peňaflor et al. 2007 ). During northeast monsoon (November until March), higher Chl-a concentration detected was evidently influenced from high river outflow. While, lower Chl-a concentration detected during May to September during southwest monsoon was due to lower river discharge which resulted in lower Chl-a concentration (Nazmi et al. 2013) .
Rainfall and subsequent terrestrial runoff also supplies nutrient to the coastal area. The fluctuation of rainfall at the study area was observed to show similar pattern with spatial and temporal variation of Chl-a. During the northeast monsoon total rainfall was higher in comparison to southwest monsoon ( Figure 5 ). Higher total rainfall occurred during December (5560 mm) and lower total rainfall during June (1250 mm). During the northeast monsoon total rainfall was recorded at 1800 to 6000 mm. Meanwhile during the southwest monsoon 1100 to 1700 mm total rainfall was observed. Higher total rainfall during northeast monsoon give impact to high river outflow towards coastal region and higher sedimentation that brings higher nutrient to coastal region impacting increase in chlorophyll-a concentration. Higher value of total rainfall resulted in higher river outflow to the coastal region. This contributed to higher sedimentation loads and nutrients to the coastal region which resulted in higher Chl-a concentration. High irradiance after heavy rainfall can provide optimal meteorological conditions and influences physical stability of the water column which contributed to enhancement of phytoplankton biomass (Hong et al. 2002) . During northeast monsoon and southwest monsoon, it can be observed as represented by sampling data of 30th March 2013 (Figure 6(a) ) and 14th September 2013 ( Figure  6(b) ). Higher Chl-a concentration was detected at rivers and areas with location of aquaculture sites Meanwhile, lower Chl-a concentration was detected at areas with lesser influence from terrestrial environment. Chl-a concentration was detected higher during northeast monsoon at 1.3 to 3.9 mg/m 3 at coastal areas near aquaculture sites at the south the coastal area (Figure 7 ). High river discharge lowers the surface salinity providing some density stratification (Jamshidi & Yousefi 2010) . Stratification of the water column was indicated by layer of lower density water overlying more dense water. Vertical stratification has been shown to confine the phytoplankton to a shallow well-lit surface layer which can support rapid phytoplankton growth when nutrient are abundant (Masson & Peña 2009 ). Availability of surface nitrate was observed at 1.48 (μg/L) at the south and more than 3.32 (μg/L) at the north of the river mouth that brings various sources of nutrient from river outflow. Other areas indicated average concentration 2.42 (μg/L) of nitrate. Light penetration enhanced phytoplankton productivity at the surface layer (Dong et al. 2004 ). Chl-a concentration was observed higher at the surface layer at values more than 3.51 mg/m 3 (north area) and more than 3.9 mg/m 3 (south area) along areas of river and aquaculture sites. Area with less influence from terrestrial environment indicated Chl-a concentration at about 1.05 mg/m 3 . At the south of the coastal area with aquaculture sites, the phytoplankton growth was observed to use up the nitrate, accounting for the lower nitrate levels in comparison to the other areas (Li et al. 2010) . Besides biological assimilation by phytoplankton, Chl-a communities has also been cited as possible mechanism for nitrate removal in the water column. This event was clearly demonstrated by mode 2 of the EOF analysis that indicated high Chl-a off rivers and to the south.
Meanwhile, during southwest monsoon, higher sea surface heating occurred all along the coast (Figure 8) . Temperature was higher than northeast monsoon at about 30.8 to 31.5°C. During this monsoon, lesser river discharge resulted in higher surface water salinity. High salinity and temperature of the surface water formed stratified water column. Warmer, lower salinity and density water overlying cooler, higher salinity and density water was observed. Areas along the river and aquaculture sites at the north showed higher nitrate (3.25 μg/L) compared to the southern area (2.42 μg/L). Other areas showed nitrate concentration at 2.2 (μg/L) High Chl-a concentration was detected at the surface layer, higher at river and aquaculture sites at the north 3.34 mg/m 3 and south 3.42 mg/m 3 of the coast. Areas with less influence from terrestrial environment showed lower Chl-a (1.47 mg/m 3 ). Lesser nutrient at the southern areas indicated consumption by phytoplankton. This Chl-a variability was demonstrated by mode 3 of the EOF analysis which indicated distribution of Chl-a along coast and higher to the south.
The results of this study indicated that wind and total rainfall was influenced by monsoonal pattern. The condition of wind direction and speed highly influences SST at the coastal area. Meanwhile rainfall which is an important external forcing factor influences nutrient input from rivers to coastal area. Variability of SST and total rainfall results in variability of vertical coastal thermal pattern that influences distribution of Chl-a.
CONCLUSION
Spatial and temporal variability of Chl-a distribution along coastal water of east Peninsular Malaysia indicated seasonal and inter-annual variability. Four modes of the EOF analysis explained the Chl-a variability which was influenced by monsoon. Distribution of Chl-a was highly affected by monsoon wind condition and terrestrial outflow. Variability of rainfall influenced availability of nitrate and formation of thermohaline front along the coast which relates to variability of Chl-a. 
